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taics (PV) is a solar energy technology that
ique properties of semiconductors to
solar radiation into electricity.

environmentally friendly
no noise or pollution and can
IC savings over time.

ently, the most significant disadvantage of PV
ms is the high initial cost compared to prices
eting power-generating technologies

stems common at dwellings are: AC module
. Systems with Micro Inverters, and DC Systems consisting
~ of DC modules and a DC to AC Inverter. Each have

specific NEC requirements.
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lectrical Integration

re subject to all of the same

ents as most electrical systems
, such as overcurrent
otection and grounding. However PV

tems are also subject to additional
uirements found in NEC Article 690. Article
detail the sizing, specifications, and
allation methods required to complete a
safe, reliable, and easily maintained PV
electrical system. Article 705 has additional
requirements for PV systems Interconnected to

the primary source of power (Utility Power). g




Photovoltaic (PV) Systems - Scope

690.1
\ Array — S O il
Inverter
Panel - i\\: %

22
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Article 690 applies to PV electrical energy systems, array
circuit(s), inverter(s), and charge controller(s) for such
systems which may be interactive with other electrical power
sources or stand-alone, with or without energy storage.

Meter/Main




Photovoltaic (PV) Systems - Scope
690.1

Utility
Supplied
System
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Article 690 applies to PV electrical energy systems, array
circuit(s), inverter(s), and charge controller(s) for such
systems which may be interactive with other electrical power
sources or stand-alone, with or without energy storage.




Interconnected Electric Power Production Sources
Scope
705.1 b A {

_—

Inverter

Primary Source
of Electricity

Electrical Power
Production Source

o

www MikeHolt com

Meter/Main

Article 705 covers the installation of electric power production
sources (photovoltaic, wind, micro-hydro generators, etc)
operating in parallel with a primary source(s) of electricity.



Point of Connection

Supply Side of Service
705.12(A) a
Disconnect
Inverter =
Inverter Disconnect |
(mm
i
i i , ‘T
dc | |
Disconnect | ) - Copnight 2011,

The output of a utility-interactive .invertér can
be connected to the supply side of the service
disconnect as permitted by 230.82(6).
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.nsult with your Utility

Co-Ops In Wisconsin have
ents for Utility-Interactive
ems that are connected to

ations,
Utility Grid)
irements Include but not limited to:
y Plan Review
itional Disconnect Requirements (PSC 119)
= Additional Metering Requirements

‘=B On Site Inspection by Utility Prior to
energizing.




equest a One Line Diagram

= The Diagram should

include the Array,

Inverter, Inverter Input
and Output Circuit,
e Disconnect Switch,
rs-sre T Wiring methods,
Correction factors,
B8, ik i Overcurrent Protection,
and System Voltages.
The diagram shall be

— requested and reviewed

prior to inspection.




NEC 690.4(D)
Inverters,
photovoltaic panels,
modules, combiners,
and controllers for
se in photovoltaic
power systems shall
be identified and
listed for the
(PV)application

3 Check for Listing of PV
Equipment

PV Installation - Equipment
690.4(8)

|  Equipment such as inverters, PV modules,
combiners, and charge controllers must be

¥ Combiner dc Combiner Disconnect

Copyrght 2000 waw Nt com




FAddentitication and grouping of
PV Circuits

690.31(E)(4)

utput Circuits shall not be

ntained in the same raceway, tray or box with
PV system wiring, unless the conductors of
lifferent system are separated by a partition.

690.4(B)(1)-(4)
“source and output circuits, Inverter circuits,
and conductors of multiple PV systems shall be

identified at all points of termination, connection
and splices.




Mixing Conductors of Different ystems
' 690.4(B) <=
. = |

PV system conductors, (dc/ac) are permitted in the same

raceways, outlet and junction boxes, or similar fittings, but
must be entirely independent of non-PV system wiring.

- - - -

f—




690.4(B) Conductors of Different Systems

New requirements for separation
R and marking requirements for
/ - photovoltaic (PV) circuits installed
lina building or structure were
added at 690.4(B)

Photovoltaic
modules __

PV system conductors not to be mixed
with non-PV conductors unless:
- Separated by a partition

- Identified and grouped

- Identified by color coding,
marking tape, tagging

- Identified at all points of
termination, connection, and splices / |

Junction box with partition

Copyright © IAEI 2011




Installation - Multiple Systems
F 690.4(B)(3) '

- | —
T -

Conductors of each sysiem must be identified at
each termination, connection, and splice point.

-
e -
X

Copyright 2010, wwa MikeHolt com



Circuits Inside Buildings/Structures
Marking or Labeling
690.31(E)(3)

Wiring methods and enclosures containingk
PV power source conductors must be marked
with the words “Photovoltaic Power Source”

by labels or other approved permanent
marking means.

Photovoltaic Power Source

— (=)
T
Inverter L=
Lol |
——tetee W /’

Copynght 2011, www. Mikaoll com
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PV Equipment Disconnect

690.15

Inverter ac
Disconnect

dc
Disconnect

PV equipment must have a disconnecting means that opens
all ungrounded circuit conductors from all sources of power,
the dc and ac disconnects must be grouped together and
each permanently marked to identify their purpose.

Copyright 2011, www MikeHolt com



PV Equipment Disconnect
690.15

Inverter ac
Disconnect

Inverter

@ Disconnect

dc

PV equipment must have a disconnecting means that opens
all ungrounded circuit conductors from all sources of power,
the dc and ac disconnects must be grouped together and
each permanently marked to identify their purpose.

Copyright 2011, www MikoHolt com



.
5> Disconnecting Means
ation (DC Disconnect)

O)d)

[taic disconnecting means (DC
isconnect) shall be installed at a readily
essible location either on the outside of a

lding or structure or inside nearest the point
entrance of the system conductors.

100 Definition of Readily Accessible:
Capable of being reached quickly for operation,
renewal, or inspections without requiring to
climb over or remove obstacles or to resort to
portable ladders, and so forth.




Violation? Yes.




icle 100 - Definitions

ily (Readily Accessible).
reached quickly for operation,
lons without requiring those
s requisite to climb over
ove obstacles or to resort to portable

s, and so forth.




.
Remote DC Disconnect
Exception

C)(1) Exception allows PV
have a (DC) disconnecting
1ote from the point of entry

the system conductors if the installation
lies with NEC 690.31(E)

lling PV wiring per NEC 690.31(E) is
] for PV Arrays mounted on rooftops of

lings , structures and where conductors
must enter a building or structure in distance.

@ NEC 690.31(E) Lists specific requirements for
wiring methods remote from the point of entry.

]




6 Wiring Methods

rs and wiring methods allowed
2 “Wiring and Protection”
"hapter ing Methods and Materials”
be used with PV systems, in addition to
wiring equipment specifically identified

and conditions of use for conductors used in
PV systems, and special equipment and
practices allowed.




-
6 Wiring Methods

DC Source and Output Circuits

shall be contained in Metal

aceways, C cable that complies with NEC
0.118(10), or metal enclosures from the point of

etration of the surface of the building or

cture to the first readily accessible

onnecting means.

NM Romex or PVC Conduit allowed inside

uilding.

@ NEC690.31(E)(1) Beneath Roofs. Wiring methods
shall not be installed within (10”) of the roof
decking except where directly below the roof
surface covered by PV modules and associated
equipment.

]




690.4(F) Circuit Routing
Solar Photovoltaic Systems)

ents were added for visibility and roof
ents on certain PV circuits

ity has expressed concern about
safety of ventilating roofs where PV circuits are

rs will lower probability that the structural
ers will be compromised by the firefighting
during a fire

" ®m When PV module system circuits are integrated into the
roof, PV associated circuits are to be clearly marked on
the surface of the roof as a visual aid for firefighters
and other maintenance personnel







.

6 Wiring Methods

lexible wiring methods.
fer than %" and Type MC
1" in diameter containing
circuit conductors are installed across
ings or floor joists, the cables shall be
tected by guard strips that are at least as
h as the cable. Where run exposed, other
within 6 of their connection to
equipment, these wiring methods shall closely
follow the building surface or protected from
physical damage by an approved means.




city and Overcurrent
Protection

mpacity and Overcurrent
Source and Output Circuits
- 690.8 & 690.8(B)(1)

e PV Source Circuit consists of the circuit
uctors between the PV modules and the
1als of the combiner or inverter dc input
inals if no combiner is used




& PV Source Circuit - OCPD
690.9(B)

lves revl sase bead
SR e aney jevenn
Array

~ Module lg¢ = 8.90A -

e

Invortor
~m=m~- h gl v
- ’

: ‘ > . e T
i - 1 . —
. . b - -
22 A

OCPD = (Module Isc x 1.25)* x 1.25
OCPD = (8.90A x 1.25)* x 1.25
OCPD = 11.13A* x 1.25
OCPD = 13.91A

OCPD = 15A [240.6(A)]
"[690.8(A)(1)]

Fuse Holder




xample #2 Inverter Output
Circuit

Maximum Inverter Output Current

690.8(A)(3)
R

The maximum inverter output circuit
current is the continuous output current
marked on the inverter nameplate.

invener

Copyrant 2054, wors Mol com




mple #2 Inverter Output
Circuit

rter Output Circuit: What size
for an Inverter output

imum Inverter continuous
rrent rating of 22A7?

D= Inverter ac Output Current Rating X

=22A x1.25
m OCPD=27.5A

‘@ OCPD=30A Circuit Breaker NEC 240.6(A) &
NEC 690.8(A)(3)




690.10(E) Back-Fed Circuit Breakers (PV Systems) { }
Plug-in-type overcurrent protection devices for stand-alone PV systems that are
back-fed and used to terminate field-installed ungrounded supply conductors are
required to be secured in place by an “additional fastener” that requires other
than a pull to release the device from the mounting means on the panel

Note: not all system
interconnections shown

Branch circuit(s)

ENONVS

S

_—V

From photovoltaic
system source

' IAEI 2011

Back-fed

circuit breaker  1dentified fastener for
back-fed circuit breaker

Copyright







onductor Sizing

ductors must be sized to carry
% of NEC 690.8(A) current
of any required ampacity

tion require found in NEC Article




8 Conductor Sizing

PV Source Circuit (DC) Wiring:
ductor is required for a PV
Ing a short circuit current

ing of 18 Amps; assuming all terminals are
d 75 degree C?

uctor Ampacity=(18 x 1.25)* x 1.25
ductor Ampacity= (22.5A)* x 1.25

m Conductor Ampacity= 28.125

&8 Conductor Ampacity= 10AWG rated 35A at 75
degree C. Table 310.15(B)(16)

= *690.8(A)(1)




8 Conductor Sizing

- Inverter Output Circuit (AC
t size 75 degree C rated conductor
e Inverter Output Circuit if the

m Conductor Ampacity= 30Amps

- @ Conductor Ampacity=10 AWG rated 35A at
75 degree C. NEC 310.15(B)(16) & NEC
690.8(A)(3)




9 System Voltages

stem Voltage is equal to the sum of
uit voltage (VOC) of the series-

s as correct for the lowest
ected ambient temp rature.

Open-Circuit Temperature coefficients are
rally supplied in the instructions for the PV
ules and can be used to determine maximum
m voltage.

pen-Circuit Temperature coefficients are not
supphed by the manufacture Table 690.7 Shall be used
to determine PV System Voltage

= For one-and-two family dwellings, the maximum PV
system voltage is limited to 600V. NEC 690.7(C)

-




Maximum System Voltage
690.7(A)

E
1,
=

Maximum system voltage is equal to the sum of the
rated Voc of the series-connected PV modules,
corrected for the lowest-expected ambient temperature.

Copwrght X014 wwn Ml o




rounding and Bonding PV systems

Ipment grounding requirements for PV systems
rearranged and revised for clarity and
2011 NEC

onding and grounding is required for all exposed non-
current-carrying metal parts of module frames,
electrical equipment, and conductor enclosures of a
olar photovoltaic (PV) system (typically achieved
through the EGC system)

pically, module frame of a PV system is an aluminum
frame, making a durable connection with an EGC or
bonding jumper difficult

= Revisions will allow grounding devices that have been
developed too quickly and effectively ground the frames
of PV modules =




Copyright © IAEI 2011

690.43 Equipment Grounding (PV Systems)
Equipment grounding conductors and devices shall comply with (A) through (F)

(A) Equipment Grounding Required

(B) Equipment Grounding Conductor
Required

(C) Structure as Equipment
Grounding Conductor

(D) PV Mounting Systems and Devices
(E) Adjacent Modules

(F) All Conductors Together

The equipment grounding requirements for PV systems have also been
rearranged and revised for clarity and usability




10 Grounding/Bonding Of PV

Systems
Grounding Electrode System

f installing a ac PV System, a

| )de shall be provided in
ordance with 250.50 through 250.60. The
yunding electrode shall be installed in
ordance with 250.64

stalling a dc system, a grounding electrode
all be provided in accordance with 250.166
for grounded PV systems. The grounding

electrode shall be installed in accordance with
250.64.




690.47(C) Systems with Alternating Current and ) '
Direct-Current Grounding Requirements

Note: not all system

AC disconnect .H interconnections shown

and GEC \ —_—
_'H <— DC disconnect and GEC

Service Iﬂ/:H—!D
: "> Size per 250.166

Size per 250.66 <«— Common dc and ac grounding electrode

Grounding electrode system requirements for PV systems with both ac and dc
grounding electrode systems have been revised

IAEI 2011

If both ac and dc systems are installed, they must be bonded together or
utilize of a common electrode system

PR
¥
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=
=
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Small Wind Electric System
694.1
Wind
Turbine
(ac or dc)

Inverter

‘Ltzl_'_vA

Rectifier
(if dc turbine)

Example of Small Wind System -

Interactive System

Article 694 applies to small wind (turbine) electric systems
that consist of one or more wind generators having a rated
power up to and including 100 kW

Copyright 2011, www.MikeHolt.com
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Article 694 Small Wind Electric Systems

Part I - General

Part II - Circuit Requirements

Part III - Disconnecting Means

Part IV - Wiring Methods

Part V - Grounding

Part VI - Marking

Part VII - Connection to Other Sources
Part VIII - Storage Batteries

Part IX - Systems Over 600 Volts

A new article was added covering
requirement for small wind electric
systems

©




ew Article?

Turbine Fires,
Uniform
Installations &
Enforcement




format for Article 694 is modeled

e PV code’s Article 690. Section 1
ugh 694.7) establishes the
rticle and provides
efinitions for terms specific to small
ind systems. It also states that 694
uirements apply anytime they ditfer
m the rest of the code —except for 705,
when a small wind system is operated in
parallel with primary sources of
electricity; and 500 through 516, when a
system is installed in a hazardous
location.




lon [ specifies that small wind

shall be installed by

ection I also requires surge
otection between the wind turbine
stem and the loads served, and

ws standard plug-in receptacles

on the wind turbine branch or feeder
circuit for maintenance or data
acquisition. (This is not allowed for g
in PV systems under Article 690.) [Re¥




rt. 694.7(D)
otection Devices (SPD)

Surge Protection Devices (SPD)
* SPD’s must be installed
between the wind system

and the premises electrical
system.
Permitted to be Type 2 or 3




\rt. 694.7(E)
eceptacles

A receptacle shall be
- permitted to be supplied
._ a wind system branch
~ circuit for maintenance
or data acquisition use.
* All 125-volt, singlephase,
15 & 20 amp
receptacles installed for
maintenance of the
wind turbine shall have
GECI protection.




[ (694.10 to 694.18)

it requirements.

7 to calculate
tage and current for small
d systems and how to
derate conductors.




Art. 694.10
Maximum Voltage

ind Turbine Output

- Wind ines connected to
one and two-family dwellings
are limited to a maximum of 600
volts.



Art. 694.12(A)(1)

BERGEY EXCEL 5 SPECIFICATIONS

PERFORMANCE
START-UP WIND SPEED......
CUT-IN WIND SPEED..
RATED WIND SPEED.......

AWEA RATED POWER (at 11 m/s or 25 mph
AWEA ANNUAL ENERGY (at 5 m/s average)

CUT-OUT WIND SPEED........

FURLING WIND SPEED........

MAXIMUM DESIGN WIND SPEED

PEAK POWER.......ccoevvuranne
ROTOR SPEED...

MECHANICAL

ROTOR DIAMET
WEIGHT........

GEARBOX .....

BLADE PITCH CONTROL..
OVERSPEED PROTECTIO

TEMPERATURE RANGE............

ELECTRICAL

QUTRUT FORM i amisiminmanismniimvmsvmasisisste

GENERATOR ....oovvnvrnannnes
POWER PROCESSOR ......

.5mph (2.2 m/s)

.. 4.5 mph (2 m/s)

. 25 mph (11 m/s)
.5.2kW

. 9,700 kWh

.. none

.. 31-45 mph (14-20 m/s)
. 134 mph (60m/s)

.6.2 kW

. 0-400 RPM

. 3-Blade Upwind, Horizontal-Axis
.. 20 ft (6.2m)

.. 772 |bs (350 kgs)

. none

. none
. AUTOFURL®

-40 to 140 deg. F (-40 to 60deg. C)

240VAC, 1-Phase, 60Hz
or 220VAC, 1-Phase, 50Hz

.... Permanent Magnet Alternator

Powersync Il Inverter

GIrcuit Sizing - Turbine Output

Turbine Output Circuit
Currents shall be
based on the circuit
current of the wind
turbine operating at
maximum output

power.
* 6200 W/240 V=25.8 A



Art. 694.12(B)(1)
Continuous Current

Small wind

turbine electric
. system currents
shall be
considered to
be continuous.



Art. 694.12(B)(2)
ontinuous Current

Current (AC) - V Configuration Respectively) /208 V Configuration
Respectivel

Operating Voltage Range 244-304 Vac for 277 Vac configuration | 244-304 Vac for 277 Vac
(AC) 211-264 Vac for 240 Vac configuration | configuration
183-228 Vac for 208 Vac configuration | 211-264 Vac for 240 Vac
configuration
183-228 Vac for 208 Vac
configuration

Operating Frequency Range 59.3-60.5 Hz 59.3-60.5 Hz

Nominal Output Volta 277 Vac / 240 Vac / 208 Vac 277 Vac / 240 Vac / 208 Vac

NormalOu put Frequen

il i it B

| L ——
o B o S

Protection

Conductors and OCPD shall be sized to carry
not less than 125% of the maximum current

(continuous)



rt. 694.12(B)
uous Current Example

CPD shall be sized to carry not less
Imum current (continuous)

i s @ 240 volts
310.15(B)(16) 75° C = #10 Cu
35 amp OCPD Required
manufacturer’s installation requirements
B) & (C) permitted for round-up rule
@ If OCPD rated for continuous operation at 100% is
5 permitted at 100%
@ - 30 amp OCPD, #10 Cu Permitted Per 694.12(B)(2)(ex)




t. 694.15(A)
rcurrent Protection

t circuits, inverter
ut circuits, and storage battery
t conductors and equipment

be protected in accordance
\rticle 240.




694.20 to 694.28)
disconnecting issues.

- Means shall be
rovided to
gconnect all
current-carrying
conductors of a
wind source
from all other

conductors in a
building.




Art. 694.22(A)
Jisconnecting Means -Additional

ye SUSE rated

WARNING ]

ELECTRICAL SHOCK HAZARD

position, must have DO NOT TOUCH TERMINALS.
TERMINALS ON BOTH LINE AND

warning signs LOAD SIDES MAY BE ENERGIZED
| IN THE OPEN POSITION

d




\rt. 694.22(C)(1)
lon for Disconnecting
Means

location

he outside of a building or

side, at the point of entrance
ind conductors

Not required at the nacelle or tower
= Not permitted in bathrooms



[V (694.30) covers wiring

t requires that flexible cords
rticle 400 and be identified
cord, listed for outdoor
and water-resistant.

output circuits in a building must be
etal raceways, from the point of
penetration at the building’s surface to
the first readily accessible disconnecting
means.




Art. 694.30
Wiring Methods

- (A) Where-accessible, over 30 volts, shall be in
raceways (C) DC output inside building must be in
metal raceway



rt. 694.30(B)
ble Cords and Cables

ee 110.14 for flexible fine-
nded cable terminations



94.40) addresses

turbine tower
to a grounding
system.

stalled in close
to galvanized
or tower anchor
omponents, galvanized

grounding electrodes shall be
used. (See Info Note NEC 694.40(C)(1)




Rebar - Ufer ground
od to be used NEC

69.40(C)] )

O
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0.40(A) Equipment
Grounding

on current carrying metal parts
ine nacelles, other equipment

ing conductor in
dance with NEC 250.134 or 136(A)

e: Metallic turbine blades and tails that

e no source of electrical energization shall
not be required to be connected to equipment
grounding conductors
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40(B) Guy Wi
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(694.50 through 694.56) prescribes

s required for various system

It covers grid-interactive systems
stand-alone systems.

CAUTION

FACILITY CONTAINS A PV SYSTEM AND UTILITY SERVICE PROVIDER

nhection shall be LOCATIONS OF SERVICE DISCONNECTING
MEANS ARE NOTED IN THIS BUILDING DIAGRAM

PV AC DISCONNECT

le location with
the rated ac output
current

and the nominal

operating ac voltage.
WIND ELECTRIC




) to 694.68) pertains to
ystem to other sources of
ection requires that inverters
stems be listed and

teractive, and that these
ticle 705

N




of one or more

10N sources

ing in parallel with a primary
of electricity ‘




(694.70 to 694.75) covers
batteries, referencing Article
eral battery requirements.




(694.80 and 694.85) is for systems

n 600 volts. While there are few, if

in excess of 600 V and no battery
) V, serious efforts are made to

| nit future developments.




New Technology




New Technology

Offshore
- Available up to 7.0 MW
-~ Capacity
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I'nings You Have to Know
nspecting and Installing
Lenerators




ywhat codes apply? Generators
at Dwellings
e Installed In Accordance
Ith NEC 702, & 445 and
Chapters 1-4 of the NEC

Optional Standby System
702.1

Manual or Automatic |
Transfer Switch [702.5] [,

Optional |
Standby Power

Article 702 applies to both fixed and portable alternate
power supplies commonly used for telecommunication
facilities, refrigeration equipment, homes, and offices.




e )

Verify & Calculate Loads

Standby System Capacity - Automatic Transfer Equipment
702.4(B)(2)(a)

3 ’ § S <2, .
L) E 5 9 ’
b - .
- 3
i e - -
. -y < ¥ v ‘
L 2 AL
I T YRR o~ AL NS

The optional standby power source must have

adequate capacity to supply the full load transferred.




Op.ti.onal
Standby Power

—
o
a.
Yy ==
=

'
F S
o l®

A

Eo Ml

A,

{if' (///// /

SNt

.,'1’1‘ ) , "

For existing facilities, the optional standby source can be

sized to the maximum demand data available for 1 year :

or the average power demand of a 15-minute period over
a minimum of 30 days [220.87].

—



#3 Labeling Requirements

Signs for Optional Standby Sources
702.7(A)

TWO SOURGES OF SUPPLY A sign must b_e p'ace.d a.t th_e sService-
S Soriar i entrance equipment indicating the
Located in Eleciic Equpment | type and location of on-site optional

Room 100 Located at

NW Comor of Buikding standby power sources.

-
! .
-~ -

-t -

™

| Main ' Man Mamn Mamn Man Main

1 2

- - - -

-
3
-




Ing Requirements

label must be
o the enclosure
'f1es the closest




#4 Disconnecting Means

Outdoor Generator Sets - Generator Disconnect
702.12

{ Generator Feeder Disconnect

Not Required on Building | I '

Outdoor Generator
Disconnect

~ Maximum
L i [.::g 50 ft | D '

Copyright 2011
www MikoHolt com

A disconnect isn't required on or at the building
or structure if the generator disconnect is readily
accessible and within sight of the building.



S the Generator a Separately
Derived System?

Separately Derived System - Generator
Article 100 Definition

Service Transfer Switch Generator

—_—— - — P T T e e e e

B N T —

N Switched
1 Neutral

Panelboard

Copyright 2011
www MikeHolt com

An on-site generator having transfer equipment with |
a switched neutral conductor or no neutral at all is
considered a “separately derived system.”




e |

S the Generator a Separately
Derived System?

Generator - Not a Separately Derived System
= 250.30 Note 1

Service Transfer Switch Generator

——— . — ————————— 0 o s o o o S g S

----------------------------

Panelboard

|
(
(
|
|
|
|
|
|
|
[

A generator isn't a separately derived system if the
neutral conductor isn't opened by the transfer switch.




